INTRODUCTION
As a result of the development of culture-independent techniques, we are starting to understand the human microbiome and its role in health and disease. We now know that the vast majority of our resident microbes are contained in the gut and that gut microbiota changes are associated with a wide variety of diseases and disorders. 1 Unfortunately, in most cases it remains unclear whether these microbiota changes are cause, effect or innocent bystander effect of these illnesses. One of the disorders in which the gut microbiota may be involved is functional constipation (FC). 2 FC is a common and bothersome problem in pediatric healthcare. The prevalence ranges between 0.7% and 29.6%. 3 This functional gastrointestinal disorder is defined according to the Rome III criteria (Table 1) . Symptoms include infrequent defecation, hard, painful stools that are difficult to pass, fecal incontinence and abdominal pain. These symptoms are known to have a significant impact on the quality of life of children and on healthcare costs. 4 The conventional approach towards FC encompasses education including dietary advice, a toilet program and laxatives. 5 However, conventional treatment turns out to be insufficient in a substantial amount of children. 5 Also, most laxatives have adverse effects such as abdominal pain or flatulence. 4 More importantly, although laxatives are generally considered to be safe, little is known about the long-term adverse effects of chronic laxative usage, such as efficacy, potential electrolyte disturbances or mucosal damage. Therefore, it remains important to develop and evaluate new treatment strategies for FC in children.
Pre-and probiotics have been suggested as potential treatment modalities for FC in children. In this systematic review we provide an update on current literature describing the potential role of pre-, pro-and synbiotics in the treatment of FC in children. 
METHODS
Cochrane Library and Medline databases were searched from inception to February 2016. Search terms related to pediatric FC, fiber, pre-, pro-and synbiotics were used. The full search strategy is available from the authors. Studies were eligible for inclusion if they were; 1) (systematic reviews of ) randomized controlled trials (RCTs); 2) written in English; 3) comparing pre-, pro-or synbiotics with placebo, no treatment or any pharmacological therapy for the treatment of FC in children from 0-18 years of age; 4) functional constipation was clearly defined by the authors; 5) reported outcome measures were defecation frequency, fecal incontinence, painful defecation, difficulty with defecation, abdominal pain, quality of life or possible harm from treatment (tolerance, adverse effects). Two authors (I.J.N.K. and M.M.T.) independently assessed the eligibility of all abstracts. In cases of disagreement, consensus was reached through discussion. Additionally, reference lists of included articles were searched. Reasons for exclusion were: 1) treatment arms with < 10 patients; 2) evaluation of a mixture of pre-, pro-or synbiotics with other potentially therapeutic components in the intervention group, to assure that we evaluated the effect of pre-and probiotics only. Quality of evidence was assessed using the Cochrane Collaboration's tool for assessing risk of bias. Figure 1 shows the article selection process. Study characteristics of all included studies are summarized in Tables 2-4. Table 5 depicts the risk of bias assessment for all studies.
RESULTS

Prebiotics
Prebiotics are non-digestible food ingredients that beneficially affect the host by selectively stimulating growth and/or activity of one or a limited number of bacteria in the colon. 6 By this definition, many dietary fibers are prebiotics. Insufficient dietary fiber intake has been reported to be associated with FC. 7 This has led to the hypothesis that a lack of intake of prebiotics may be involved in the pathogenesis of constipation. Prebiotics may be beneficial for children with FC due to: 1) increase in water content (bulking effect and softening of stools); 2) increase in microbial mass and gas from fiber fermentation; 3) modification of colonic metabolite absorption, including secondary bile acids; 4) influencing gut microbes that affect motility. 8, 9 We identified four systematic reviews 10-13 describing a total of six RCTs.
In their crossover trial, Loening-Baucke et al. evaluated the effect of glucomannan (a fiber gel polysaccharide) compared to placebo in 31 children with FC >4 years of age. 8 . Children continued using their laxatives and were instructed to conduct toilet training throughout the study. Both groups received either placebo or glucomannan for 4 weeks. No significant difference was found in defecation frequency or fecal incontinence frequency between both groups after 4 weeks. There were however significant differences in the percentages of children with <3 bowel movements per week (glucomannan: 19% vs placebo: 52%, P < .05) and abdominal pain (glucomannan: 10% vs placebo: 42%, P < .05). It is important to note that the initial daily fiber intake was low in 71% of children.
Castillejo et al. performed a study where 48 children with FC received either a cocoa husk supplement or placebo, in addition to toilet training. 9 No significant differences in defecation frequency or parental report of pain during defecation were observed. In both study groups, the mean basal dietary fiber intake was near the recommended daily allowance.
In a larger RCT by Kokke et al., the effect of a fiber mixture was compared with lactulose in 97 children with FC.
14 There were no significant differences between both groups with respect to defecation frequency, presence of ≥1 fecal incontinence episode(s) per week or abdominal pain. Baseline fiber intake was not reported.
Üstündag et al. investigated partially hydrolyzed guar gum (PHGG) and compared this with lactulose in 61 children. 15 The authors found a significant improvement in defecation frequency in both groups, but children receiving lactulose had significantly more bowel movements after treatment (mean defecation frequency: PHGG: 5.0 ± 1.7 vs lactulose: 6.0 ± 1.1, P < .05). The authors reported that baseline daily fiber intake and diet were similar in both groups.
In succession to the study by Loening-Baucke et al., glucomannan was evaluated in a placebo-controlled 4-week RCT in 72 children by Chmielewska et al. 16 The authors found no significant difference between both groups with respect to therapeutic success at the end of the study. Abdominal pain occurred significantly less in the glucomannan group at the end of the study. Median number of episodes of abdominal pain per week (interquartile range); glucomannan: 0 (0-2) vs placebo: 0 (0-1), P < .01.
Weber et al. described the use of a dietary fiber mixture in comparison to placebo in 54 children. 17 Although the defecation frequency did not differ between groups at the end of treatment (fiber: 1.1 ± 0.5 vs placebo: 0.9 ± 0.3), there was a significantly larger improvement in daily bowel movements compared to baseline in the fiber group. The mean increase in defecation frequency per day in the fiber mixture group was 0.5 ± 0.4 versus 0.2 ± 0.4 in the placebo group (P = .01). The median dietary fiber intake was similar in both groups before the start of the clinical trial.
Probiotics
Probiotics contain viable microorganisms which alter the microflora of the host and exert beneficial health effects in this host. 6 It has been suggested that certain microorganisms affect colonic motility by softening the stools and by influencing secretion and/or absorption of water and electrolytes. 18 Also, they may influence smooth muscle cell contractions, directly manipulating peristalsis.
2 Probiotics can also influence intraluminal pH; by lowering the pH they can affect intestinal motility. 19 Furthermore, it is likely that metabolic processes play a role; substances involved in microbiota metabolism that may influence colonic motility include methane and butyrate. 2, 20 We identified four systematic reviews 11, 13, 21, 22 describing five RCTs and one subsequent RCT which was not described in any of the previous systematic reviews. 23 
Lactobacillus rhamnosus GG Banaszkiewicz et al. assessed the effectiveness of Lactobacillus rhamnosus GG (ATCC 53103)
as an adjunct to lactulose, comparing this with placebo added to lactulose treatment in 84 children. 18 The authors found no significant difference in defecation frequency, fecal incontinence episodes or straining at defecation between the two groups. The side effect profile was similar in both groups; with abdominal being the most commonly reported adverse effect. 24 The authors stated that L. reuteri significantly increased the frequency of bowel movements compared with placebo at 2, 4 and 8 weeks. However, results were graphically presented without reporting absolute numbers.
12
Lactobacillus casei rhamnosus
Another RCT investigated the effect of Lactobacillus casei rhamnosus (Lcr35), comparing this with that of magnesium oxide (MgO) and placebo in 41 children. 25 We will not report on the placebo arm, since this arm contained less than 10 children. There was no significant difference in defecation frequency between the Lcr35 group and the MgO group. Abdominal pain was significantly less prevalent in the Lcr35 group compared to the MgO group; mean number of episodes of abdominal pain during the 4 weeks of treatment: Lcr35: 1.9 ± 1.6 vs MgO: 4.8 ± 3.7 (P = .04).
Bifidobacterium lactis
Tabbers et al. studied the use of fermented milk, containing Bifidobacterium lactis DN-173 010 compared with a non-fermented milk control product in 148 children. 19 The defecation frequency increased notably in both groups, but there was no significant difference between both groups. Other outcome measures such as fecal incontinence, painful defecation and abdominal pain also did not show any significant differences.
Bifidobacterium longum
In a crossover trial comparing yogurt containing Bifidobacterium longum with yoghurt alone in 59 children 26 , the authors reported that overall a significant difference was found for defecation frequency, painful defecation and abdominal pain between both groups. However, aside from the P-values, the numeric data to support these statements were not provided.
Multispecies Probiotics
Sadeghzadeh et al. studied the effect of a combination of seven probiotics with placebo alongside the use of lactulose in 48 children. 23 The authors report that stool frequency, fecal incontinence and abdominal pain significantly improved. However, due to incomplete reporting of the results, it is difficult to interpret these results. 
Synbiotics
Synbiotics contain both pre-and probiotics, usually the prebiotic compound selectively favors the probiotic compound. 6 We identified one RCT using synbiotics; a combination of probiotic strains of L. casei, L. rhamnosus, S. thermophilus, B. breve, L. acidophilus, B . infantis, and fructooligosaccharide as prebiotic. This study investigated the following three interventions in 97 children: liquid paraffin oil + placebo, synbiotics + placebo and liquid paraffin oil + synbiotics. 27 There was a significant difference in defecation frequency between the three groups after treatment; no separate analyses between the groups were performed, but children who received liquid paraffin oil + synbiotics experienced the largest increase in defecation frequency.
DISCUSSION
Studies were highly heterogeneous with respect to study design, study population, interventions used, dosages of treatment, study duration and follow-up. It is therefore difficult to draw firm conclusions. Although some studies found significant differences for pre-or probiotics with respect to defecation frequency, fecal incontinence or abdominal pain, these studies should be interpreted with caution due to the high risk of bias across studies. In addition, studies with the lowest risk of bias reported mostly non-significant results. 9, 16, 19 Defecation frequency was the only outcome measure that was used in all studies. Of these studies, 3/6 on prebiotics and 4/6 on probiotics reported a significant increase in defecation frequency compared to controls. However, it is important to take into account that this outcome measure was used differently between studies; some studies reported the mean or median defecation frequency at the end of the study (per day or per week) while others reported defecation frequency as the percentage of children having more than three bowel movements per week. As recently published, 28, 29 there is a need for defining uniform outcome measures and using the same definitions in order to compare results between studies. Furthermore, it is also important to realize that small, statistically significant differences may not always be clinically relevant; this is especially true for the assessment of defecation frequency.
The human microbiome is a fascinating and thrilling area of research that is likely to change our view on health and disease in the near future. However, for now, the precise role of the human microbiota in children with FC is not clear. In order to improve our understanding of the role of the gut microbiota in pediatric FC, a better understanding of the gut microbiota in healthy children is needed. A recently published study has identified a core gut 12 microbiota in healthy Dutch children between 2-18 years, specifically excluding children with FC. 30 Analysis of fecal samples revealed that microbial compositional stability was 70% on average over a period of 18 months, indicating that a fairly stable core gut microbiota is likely to exist within the gut of healthy children. Also, microbiota stability correlated with higher microbial diversity. The core gut microbiota of these children was dominated by species from the phyla Bacteroidetes and Firmicutes.
Aside from the study by Zhu et al. in obese children 2 , there are no studies that have used culture-independent techniques to assess the microbiota of children with FC. This study found differences between constipated and non-constipated obese children with regard to microbiota composition and diversity. A significantly decreased abundance of Prevotella and an increased representation of several genera of Firmicutes were observed in constipated patients compared with controls. 2 Interestingly, the genera that have been used in most probiotic trials so far (Bifidobacterium and Lactobacillus, from the phyla Actinobacteria and Firmicutes respectively) were not decreased in constipated patients. This may possibly explain the negative outcomes of the probiotic trials as discussed in this systematic review. Furthermore, Zhu et al. demonstrated a lower gut microbiota diversity in children with FC. 2 Microbiota diversity has been shown to be decreased in a number of gastrointestinal and non-gastrointestinal diseases and it has been hypothesized that regaining microbial diversity may potentially be beneficial. 1, 31 In support of this hypothesis, a recent pilot study of fecal microbiota transplantation in adults with FC has shown promising results. 32 Future studies are needed to further investigate the role of the gut microbiota in children with FC and to further evaluate the role of microbial diversity in the pathogenesis. Also, a better understanding of the role of specific pre-and probiotics in the process of defecation is warranted. This will result in a more tailored approach in using pre-and probiotics in the treatment of FC.
In conclusion, there is insufficient evidence to recommend pre-, pro-or synbiotics in the treatment of children with FC. A better understanding of the gut microbiota in healthy and constipated children is needed. Furthermore, large, high-quality randomized controlled trials are warranted.
